Massive rotator cuff tears (MRCTs) are defined as rotator cuff lesions with a diameter greater than 5 cm^[@bibr6-2325967118777735],[@bibr7-2325967118777735]^ or involving the detachment of at least 2 entire tendons,^[@bibr10-2325967118777735]^ and they can be associated with significant pain and functional impairment. Indeed, MRCTs are challenging abnormalities to manage, and in approximately 10% of these cases,^[@bibr28-2325967118777735]^ the injury may be irreparable, as defined by grade 3 retraction (a minimum of \>3 cm lateral to medial) according to the Patte classification^[@bibr26-2325967118777735]^ and grade 3 fatty infiltration according to the Fuchs classification.^[@bibr9-2325967118777735]^ As tear size progresses, the torn rotator cuff is unable to stabilize the glenohumeral joint, leading to superior migration of the humeral head and eventually to rotator cuff arthropathy.^[@bibr17-2325967118777735]^ Conservative management may include anti-inflammatory medication, corticosteroid injections, physical therapy, and activity modification.^[@bibr31-2325967118777735]^ In the setting of failed conservative management, operative measures include rotator cuff repair, partial rotator cuff repair, rotator cuff debridement, biceps tenotomy, biceps tenodesis, superior capsular reconstruction, tuberoplasty, trapezius tendon transfer, and reverse total shoulder arthroplasty.^[@bibr5-2325967118777735],[@bibr8-2325967118777735]^

Another surgical option includes latissimus dorsi tendon transfer (LDTT), which was first described by Gerber et al^[@bibr12-2325967118777735]^ in 1988 and involves transferring the insertion of the latissimus dorsi tendon from the anteromedial humeral neck to the anterolateral greater tuberosity and, in doing so, converting the muscle's internal rotation and extension forces into external rotation/flexion forces. As such, the newly balanced internal and external rotation forces may improve the shoulder fulcrum and optimize the deltoid muscle's function about the shoulder joint.^[@bibr3-2325967118777735]^

LDTT has been historically used to manage patients with obstetric brachial plexus palsies and residual shoulder weakness by restoring active external rotation.^[@bibr27-2325967118777735]^ Additionally, in patients with posterosuperior rotator cuff tears and resulting loss of supraspinatus and infraspinatus function, LDTT has been shown to decrease pain and restore elevation and external rotation.^[@bibr14-2325967118777735],[@bibr27-2325967118777735]^ This procedure is promising for cases in which ruptured subscapularis or supraspinatus and infraspinatus tendons have retracted beyond surgical repair or those in which other attempts at surgical repair have failed,^[@bibr4-2325967118777735],[@bibr14-2325967118777735],[@bibr19-2325967118777735],[@bibr20-2325967118777735],[@bibr27-2325967118777735],[@bibr36-2325967118777735]^ the deltoid is functioning and there are no neurological deficits,^[@bibr19-2325967118777735],[@bibr25-2325967118777735]^ and there is an absence of moderate or severe glenohumeral osteoarthritis such that arthroplasty may be the indicated procedure.^[@bibr19-2325967118777735],[@bibr25-2325967118777735]^ For the repair of posterosuperior tears, it is generally required that the subscapularis tendon is intact or repairable to provide sufficient rotational force coupling around the shoulder joint.^[@bibr19-2325967118777735],[@bibr25-2325967118777735]^

Arthroscopic-assisted LDTT for MRCTs involves a modification of the original open surgical technique described by Gerber et al^[@bibr12-2325967118777735]^ in 1988. As arthroscopic skills and techniques have advanced, arthroscopic-assisted LDTT has been more frequently reported in the literature.^[@bibr8-2325967118777735],[@bibr25-2325967118777735]^ Theoretical advantages of this technique include smaller surgical insult, better visualization, lower infection rates, and preservation of the deltoid origin. Furthermore, given the minimally invasive nature of arthroscopic surgery, in comparison with open LDTT, it is believed that patients experience decreased pain, shorter recovery periods, and improved cosmesis due to scar reduction.^[@bibr2-2325967118777735]^ The use of open approaches for the repair of MRCTs can lead to deltoid injuries or detachment.^[@bibr16-2325967118777735]^ These complications are devastating for patients, as the deltoid is unable to regain preoperative strength after such complications.^[@bibr15-2325967118777735],[@bibr16-2325967118777735],[@bibr33-2325967118777735]^ A major advantage of the arthroscopic-assisted technique for LDTT is preservation of the deltoid muscle, as this approach requires much less muscular dissection and it therefore avoids the complications associated with deltoid injuries or detachment that have been reported with open approaches.^[@bibr13-2325967118777735],[@bibr32-2325967118777735]^ As such, it is thought that these patients retain much of their preoperative deltoid strength, facilitating quicker rehabilitation, which has been reported as a limitation of open LDTT.^[@bibr16-2325967118777735],[@bibr33-2325967118777735]^

The primary purpose of this review was to assess patient outcomes after arthroscopic-assisted LDTT for the management of MRCTs. The secondary objectives were to report on the management of MRCTs, including diagnostic investigations, surgical decision making, and arthroscopic techniques, as well as to evaluate the quality of evidence of the existing literature. It was hypothesized that nearly all patients were satisfied with arthroscopic-assisted LDTT and that they experienced improvements in pain symptoms, function, and strength after the procedure, with an overall complication rate of less than 10%.

Methods {#section1-2325967118777735}
=======

The PRISMA^[@bibr23-2325967118777735]^ (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement was used to guide the methodology and reporting in the current systematic review.^[@bibr21-2325967118777735]^

Search Strategy {#section2-2325967118777735}
---------------

The online databases PubMed, Embase, and MEDLINE were searched for literature addressing arthroscopic-assisted LDTT for MRCTs from database inception (1946) until August 18, 2017. The search terms "shoulder," "arthroscopy," "rotator cuff tear," and "latissimus dorsi" were used ([Appendix Table A1](#table5-2325967118777735){ref-type="table"}).

Study Screening {#section3-2325967118777735}
---------------

Titles, abstracts, and full-text articles resulting from the searches were screened by 2 independent reviewers (M.M. and J.K.) to optimize inclusion of all relevant studies. Any disagreements were discussed between reviewers and a senior author (O.R.A.) to determine study inclusion when necessary. The references of the included studies were then screened for additional articles that may not have been captured by the initial search strategy.

Assessment of Study Eligibility {#section4-2325967118777735}
-------------------------------

The research question and eligibility criteria were determined a priori. The inclusion criteria included therapeutic studies written in English, human studies, living participants, and studies investigating arthroscopic-assisted LDTT for MRCTs. Studies of all levels of evidence that reported any outcomes including pain, range of motion, complications, and outcome scores were included. Cadaveric studies, animal studies, conference papers, book chapters, review articles, and technical reports were excluded.

Quality Assessment {#section5-2325967118777735}
------------------

The Methodological Index for Non-Randomized Studies (MINORS) instrument, which was designed to assess the methodological quality of comparative and noncomparative nonrandomized surgical studies, was applied to the included studies to assess quality in duplicate.^[@bibr29-2325967118777735]^ The MINORS checklist assigns a maximum score of 16 for noncomparative studies and a maximum score of 24 for comparative studies. Specifically, the tool assesses study quality throughout various domains, including a clearly stated aim, inclusion of consecutive patients, prospective collection of data, endpoints appropriate to the aim of the study, unbiased assessment of the study endpoint, follow-up period appropriate to the aim of the study, loss to follow-up of less than 5%, prospective calculation of the study size, additional criteria in the case of comparative studies, an adequate control group, contemporary groups, baseline equivalence of groups, and adequate statistical analyses. Any disagreements regarding the quality assessment were discussed between the reviewers and the senior author until consensus was reached.

Assessment of Agreement {#section6-2325967118777735}
-----------------------

To assess interrater agreement, the kappa statistic was calculated for the title, abstract, and full-text screening stages. An intraclass correlation coefficient (ICC) was calculated for the quality assessment using the MINORS criteria. Agreement was categorized a priori as follows: κ/ICC of ≥0.61 was considered substantial agreement, κ/ICC of 0.21 to 0.60 was considered moderate agreement, and κ/ICC of ≤0.20 was considered slight agreement.^[@bibr22-2325967118777735]^

Data Abstraction and Analysis {#section7-2325967118777735}
-----------------------------

Two reviewers (J.K., E.Q.) collected data in duplicate and recorded them in an Excel spreadsheet (version 2007; Microsoft). Data regarding authors; year of publication; location of study; study design; level of evidence^[@bibr35-2325967118777735]^; sample size; age; sex; follow-up; clinical, radiographic, and laboratory findings; management strategies; and outcomes were recorded. The primary outcome variable was patient outcomes after arthroscopic-assisted LDTT including pain, range of motion, and strength. As the results were presented in a nonuniform nature across studies, these data were not combined in a meta-analysis and are presented in a narrative summary fashion. Descriptive statistics, including means, proportions, ranges, kappa values, and ICC values were calculated using Minitab statistical software (version 17; Minitab).

Results {#section8-2325967118777735}
=======

Search Strategy {#section9-2325967118777735}
---------------

The initial search of 3 databases resulted in 5167 total studies; 2197 studies were initially removed as duplicates, resulting in 2970 studies for title screening. A systematic screening approach removed articles failing to meet the inclusion criteria, including articles not written in English (n = 63), not addressing LDTT (n = 2840), review articles (n = 14), descriptions of surgical techniques (n = 7), conference/seminar abstracts (n = 17), commentaries (n = 10), and nonhuman studies (n = 11), resulting in 8 available full-text articles for review ([Figure 1](#fig1-2325967118777735){ref-type="fig"}). There was substantial agreement among reviewers at the title (κ = 0.779 \[95% CI, 0.758-0.800\]), abstract (κ = 0.831 \[95% CI, 0.811-0.851\]), and full-text (κ = 1.00) screening stages.

![PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram demonstrating the systematic review of the literature for arthroscopic-assisted latissimus dorsi tendon transfer for massive rotator cuff tears.](10.1177_2325967118777735-fig1){#fig1-2325967118777735}

Study Quality {#section10-2325967118777735}
-------------

Of the 8 included studies, 4 were prospective case series (level 4 evidence), 3 were retrospective case series (level 4 evidence), and 1 was a prospective comparative study (level 2 evidence). For the 7 noncomparative studies, the median MINORS score was 7 (range, 5-7), indicating fair-quality evidence. The median MINORS score for the only comparative study was 14 of 24, indicating fair-quality evidence. Overall, 8 studies had a clearly stated aim and an appropriate follow-up period. Additionally, 5 studies had loss to follow-up of less than 5% and prospective data collection. The overall interrater agreement for the MINORS score was high, with an ICC of 0.867 (95% CI, 0.826-0.908).

Study Characteristics {#section11-2325967118777735}
---------------------

Pooling the data between the 8 included studies, 258 patients (258 shoulders) with a mean age of 60.5 years (range, 31-78 years) underwent arthroscopic-assisted LDTT for the repair of an MRCT. Given that the sample sizes of the included studies ranged from 5 to 86, the larger studies had a greater effect of biasing the results. Specifically, these included the studies by Castricini et al^[@bibr4-2325967118777735]^ (n = 86) and Grimberg et al^[@bibr14-2325967118777735]^ (n = 55). Of the included patients, 112 were female. Patients were followed up for a mean of 34.3 months (range, 17.8-72.0 months) ([Table 1](#table1-2325967118777735){ref-type="table"}).

###### 

Characteristics of Included Studies and Patients*^a^*

![](10.1177_2325967118777735-table1)

  Author (Year)                                          Study Design (Level of Evidence)    Mean MINORS Score   No. of Patients/Shoulders   Female Sex, %   Age, Mean ± SD (Range), y   Follow-up Time, Mean ± SD (Range), mo
  ------------------------------------------------------ ----------------------------------- ------------------- --------------------------- --------------- --------------------------- ---------------------------------------
  Castricini et al^[@bibr4-2325967118777735]^ (2016)     Retrospective case series (4)       6                   86/86                       44.2            59.8 ± 5.9 (38-69)          36.4 ± 9 (24-60)
  De Casas et al^[@bibr8-2325967118777735]^ (2014)       Retrospective case series (4)       6                   14/14                       28.6            59 (52-66)                  52 (36-77)
  Grimberg et al^[@bibr14-2325967118777735]^ (2015)      Prospective case series (4)         7                   55/55                       54.5            62 (31-75)                  29.4 (24-42)
  Kanatli et al^[@bibr19-2325967118777735]^ (2017)       Prospective case series (4)         7                   15/15                       53.3            61.5 ± 6.2 (52-71)          26.4 ± 2.6 (24-31)
  Kany et al^[@bibr20-2325967118777735]^ (2016)          Prospective case series (4)         7                   5/5                         20              65 ± 6.5 (58-75)            17.8 ± 5.3 (12-24)
  Paribelli et al^[@bibr25-2325967118777735]^ (2015)     Prospective comparative study (2)   14                  20/20                       35              62.5 (45-77)                33.6 ± 36 (12-60)
  Petriccioli et al^[@bibr28-2325967118777735]^ (2016)   Retrospective case series (4)       5                   33/33                       33.3            57.9 (31-69)                35.7 (12-60)
  Yamakado^[@bibr36-2325967118777735]^ (2017)            Prospective case series (4)         7                   30/30                       26.7            67.4 ± 6.2 (54-78)          34 (24-72)

*^a^*MINORS, Methodological Index for Non-Randomized Studies.

Preoperative Management and Surgical Decision Making {#section12-2325967118777735}
----------------------------------------------------

All patients underwent arthroscopic-assisted LDTT for an MRCT. Only 1 study provided a definition for MRCT, which was defined as a tear of the supraspinatus and infraspinatus tendons with a diameter greater than 5 cm.^[@bibr30-2325967118777735]^ Investigations performed in the reviewed studies were magnetic resonance imaging (MRI) scans in all studies, standard radiographs in all but 1 study, and ultrasound and computed tomography scans each in a single study. Surgical decision making regarding the pursuit of arthroscopic-assisted LDTT was based on both clinical findings and investigations in 5 studies, investigations only in 2 studies, and clinical findings only in 1 study ([Table 2](#table2-2325967118777735){ref-type="table"}). Initial conservative management modalities were trialed for a minimum duration of 3 to 6 months by 3 of the 8 included studies, and they included physical therapy, anti-inflammatory medications, and intra-articular corticosteroid injections ([Table 3](#table3-2325967118777735){ref-type="table"}). Preoperative diagnostic imaging modalities are summarized in [Table 3](#table3-2325967118777735){ref-type="table"}.

###### 

Initial Management and Description of Arthroscopic-Assisted LDTT*^a^*

![](10.1177_2325967118777735-table2)

  Author (Year)                                          Initial Conservative Management                                                                          Initial Surgical Management                                                                     Indication to Perform Arthroscopic-Assisted Procedure                                                                                                                                                                                                                                                                                                   Description of Arthroscopic-Assisted Technique
  ------------------------------------------------------ -------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Castricini et al^[@bibr4-2325967118777735]^ (2016)     NR                                                                                                       Failed prior arthroscopic RC repair (n = 14)                                                    Presence of irreparable supraspinatus and infraspinatus tendons                                                                                                                                                                                                                                                                                         Lateral decubitus positionPosterior and lateral portals for visualization and lateral and anterior working portalsThe LDT detached and stitched using open surgerySutures passed through a dilator, pulling the LDT into the subacromial spaceThreads retrieved from the anterior portal and anchored to the greater tuberosity
  De Casas et al^[@bibr8-2325967118777735]^ (2014)       Oral medications and PT                                                                                  Prior RC repair (n = 5)                                                                         Presence of significant levels of pain and dysfunction and nonresponsiveness to oral medications and PT                                                                                                                                                                                                                                                 Posterior portal for visualization and anterolateral and lateral working portalsStandard arthroscopic surgery with biceps tenotomy and repair of the subscapularis tendon if indicatedOpen surgery with a posterior axillary approach and release of the LDT from the insertionLDT reinsertion using a subdeltoid tunnel and sutures of the anchors retrieved through the posterior approach, with the LDT fixed to suture anchors on the greater tuberosity
  Grimberg et al^[@bibr14-2325967118777735]^ (2015)      NR                                                                                                       Prior shoulder surgery (n = 30)                                                                 Pain with irreparable supraspinatus and infraspinatus tears after failure of conservative or previous surgical treatment, fatty infiltration of Goutallier stage ≥3 for at least 1 of 2 torn tendons, and at least 1 tendon retracted to the glenoid that could not be pulled to the greater tuberosity after bursal debridement and capsular release   Lateral decubitus or beach-chair positionThe LDT released from the insertion and tubularized in an open procedureArthroscopic exploration of the RC with biceps tenotomy and/or repair of the subscapularis if indicatedThe LDT retrieved inside the joint, pulled inside the humeral head tunnel, and fixed (the initial 38 patients fixed with interference screws and the last 17 patients fixed with a round button because of complications with the interference screw)
  Kanatli et al^[@bibr19-2325967118777735]^ (2017)       NR                                                                                                       Prior RC repair (n = 4)                                                                         Chronic (\>6 mo), irreparable MRCT; no neurological defects; no concomitant irreparable subscapularis tears; minimum 6-mo trial of conservative treatment without benefit; stage ≥3 supraspinatus muscle fatty infiltration; no glenohumeral arthritis; and no adhesive capsulitis                                                                      Semi--lateral decubitus positionStandard diagnostic arthroscopic surgeryThe LDT harvested at its insertion in an open procedure and augmented with a fascia lata autograftA subdeltoid tunnel created and the LDT, under arthroscopic visualization, pulled into the subacromial space by pulling sutures out of the anterior portalThe LDT fixed to the RC footprint
  Kany et al^[@bibr20-2325967118777735]^ (2016)          NR                                                                                                       Previous surgery for RC tear (n = 4); prior surgery for anterior shoulder instability (n = 1)   Irreparable subscapularis tear or failed subscapularis repair with Goutallier stage 4 subscapularis fatty infiltration                                                                                                                                                                                                                                  Lateral decubitus positionPosterior portal for visualization and anterolateral portal for instrumentationMini-invasive LDT dissection and harvesting using an open procedure at the insertion with biceps tenodesis if indicatedThe LDT tubularized and prepared with metal markersThe LDT passed through the bone tunnel using shuttle relay and arthroscopically fixed
  Paribelli et al^[@bibr25-2325967118777735]^ (2015)     NSAIDs, intra-articular injection of corticosteroids, and PT                                             None (prior shoulder surgery was an exclusion criterion)                                        Daily and nighttime pain, failure of conservative management, strength loss, intact or reparable subscapularis tendon, no general comorbidities, no other shoulder abnormalities, and no prior shoulder surgery                                                                                                                                         Lateral decubitus positionDiagnostic arthroscopic surgery with posterior, anteroinferior, and posterolateral portals for visualization and an anterolateral working portalThe LDT harvested at the insertion using an open procedure and reinforced with suturesThe LDT transferred through the subacromial space by retrieving sutures out of the anterolateral portalThe LDT fixed to the greater tuberosity
  Petriccioli et al^[@bibr28-2325967118777735]^ (2016)   NR                                                                                                       Prior RC surgery (n = 4)                                                                        Painful shoulder with irreparable, posterosuperior MRCT involving the supraspinatus and infraspinatus tendons                                                                                                                                                                                                                                           Beach-chair positionOpen LDT harvest at the insertion with subscapularis repair and/or biceps tenotomy if indicated, with the LDT loaded with suturesPosterior portal for visualization and instrumentation and lateral portal for instrumentationArthroscopic LDT transfer through the subdeltoid tunnel with either a standard or personal techniqueThe LDT anchored to the greater tuberosity
  Yamakado^[@bibr36-2325967118777735]^ (2017)            Minimum 3 mo of conservative treatment (anti- inflammatory medications, PT, and activity modification)   NR                                                                                              \(1\) Pain and irreparable supraspinatus or infraspinatus tears after unsuccessful conservative treatment; (2) Goutallier stage 3 or 4 fatty infiltration in the supraspinatus and infraspinatus; and (3) the tendon retracted medial to the glenoid on MRI                                                                                             Beach-chair positionPartial repair of the posterior RCLDT harvest at the insertionRoutine arthroscopic portals (posterior, lateral, anterior, and anterolateral)The LDT anchored to the greater tuberosity

*^a^*LDT, latissimus dorsi tendon; LDTT, latissimus dorsi tendon transfer; MRCT, massive rotator cuff tear; MRI, magnetic resonance imaging; NR, not reported; NSAIDs, nonsteroidal anti-inflammatory drugs; PT, physical therapy; RC, rotator cuff.

###### 

Clinical Preoperative Characteristics of Included Patients*^a^*

![](10.1177_2325967118777735-table3)

  Author (Year)                                          Cause                                                                                                                    History                                                                                                                                                                                                                                               Diagnostic Investigations Performed                                                                                                                                                                                                                                                                                                                                             Definition of MRCT
  ------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Castricini et al^[@bibr4-2325967118777735]^ (2016)     Irreparable, posterosuperior MRCT                                                                                        Failure of conservative management for at least 6 months, no concomitant subscapularis repair, no neurological deficits, and CS for pain of 1.1 ± 2.1                                                                                                 MRI: NR Plain radiographs: NR                                                                                                                                                                                                                                                                                                                                                   NR
  De Casas et al^[@bibr8-2325967118777735]^ (2014)       Symptomatic, irreparable, posterosuperior MRCT and no deltoid muscle or axillary nerve lesions                           Significant levels of pain and dysfunction and nonresponsiveness to oral medications and PT                                                                                                                                                           MRI: NR Ultrasound: NR                                                                                                                                                                                                                                                                                                                                                          Symptomatic, posterosuperior MRCT is defined as a tear with a diameter of \>5 cm that affects the supraspinatus and infraspinatus tendons, with grade 3 Patte tendon retraction, and with grade \>2 muscular atrophy of Thomazeau classification
  Grimberg et al^[@bibr14-2325967118777735]^ (2015)      Irreparable, posterosuperior MRCT                                                                                        Pain, failure of conservative treatment or prior surgical treatment, no neurological impairment, no pseudoparalytic shoulder, and no stiff shoulder                                                                                                   Computed tomography or MRI: 3 tendons (supraspinatus, infraspinatus, and subscapularis) involved (n = 14), supraspinatus and infraspinatus involved (n = 41), mean fatty infiltration stage 3.4 (range, 2-4) of supraspinatus and 3.2 (range, 2-4) of infraspinatus, omarthrosis stage ≤3 of Hamada classification Standard radiographs: NR                                     NR
  Kanatli et al^[@bibr19-2325967118777735]^ (2017)       Chronic RC tear and pseudoparalysis                                                                                      Chronic (\>6 months), irreparable MRCT; no neurological defects; no concomitant irreparable subscapularis tear; minimum 6-month trial of conservative treatment without benefit; no glenohumeral arthritis; and no passive joint motion restriction   MRI without contrast: Goutallier grade 3 (n = 3 \[20%\]) or 4 (n = 12 \[80%\]) Standard radiographs: mean AHI of 3.13 ± 1.4 mm                                                                                                                                                                                                                                                  NR
  Kany et al^[@bibr20-2325967118777735]^ (2016)          Irreparable subscapularis tear or failed subscapularis repair with Goutallier stage 4 subscapularis fatty infiltration   Shoulder pain, previous surgery for RC tear (n = 4), and prior surgery for anterior shoulder instability (n = 1)                                                                                                                                      MRI: stage 4 fatty infiltration retracted to the level of the glenoid tear of both the supraspinatus and subscapularis Standard radiographs: no arthritis and no significant static up toward humeral head migration                                                                                                                                                            NR
  Paribelli et al^[@bibr25-2325967118777735]^ (2015)     Irreparable MRCT                                                                                                         Daily and nighttime pain, no general comorbidities, no prior shoulder surgery, no other shoulder abnormalities, previous conservative treatment without results, and strength loss                                                                    MRI: size of tear: large (3-5 cm) (n = 4) and massive (\>5 cm) (n = 16); tendon retraction: stage 3 (n = 6) and stage 4 (n = 14); location: supraspinatus (n = 4) and supraspinatus + infraspinatus (n = 16); Goutallier stage of fatty infiltration: stage 2 (n = 8), stage 3 (n = 9), and stage 4 (n = 3) Standard radiographs: AHI of grade 1 (n = 3) and grade 2 (n = 17)   NR
  Petriccioli et al^[@bibr28-2325967118777735]^ (2016)   Irreparable, posterosuperior RC tear                                                                                     Painful shoulder, chronic pain, and impaired shoulder function                                                                                                                                                                                        MRI: associated subscapularis tear (n = 7) Standard radiographs: AHI of 8.58 mm (range, 3.97-13.54 mm); osteoarthritis: stage 0 (n = 15), stage 1 (n = 12), and stage 2 (n = 6)                                                                                                                                                                                                 NR
  Yamakado^[@bibr36-2325967118777735]^ (2017)            Irreparable, posterosuperior RC tear                                                                                     Pain and irreparable supraspinatus or infraspinatus tears after unsuccessful minimum 3 mo of conservative treatment (anti-inflammatory medications, PT, and activity modification) and VAS score of 58 ± 25 mm (range, 20-94 mm)                      Standard radiographs: NR                                                                                                                                                                                                                                                                                                                                                        NR

*^a^*AHI, acromiohumeral interval; CS, Constant Score; MRCT, massive rotator cuff tear; MRI, magnetic resonance imaging; NR, not reported; PT, physical therapy; RC, rotator cuff; VAS, visual analog scale.

Arthroscopic-Assisted Procedure {#section13-2325967118777735}
-------------------------------

All arthroscopic procedures involved transfer of the insertion of the latissimus dorsi tendon to the greater tuberosity of the humerus. All LDTT procedures were arthroscopic assisted, in which the latissimus dorsi tendon was released from its insertion via an open procedure. Patients were most commonly draped in the lateral decubitus position (4 studies), followed by the beach-chair position (3 studies) and the semi--lateral decubitus position (1 study). Six studies reported on their use of portals, which demonstrated that the most common portal for visualization was the posterior portal (6 studies), while the most common working portals were lateral (5 studies), anterolateral (3 studies), and anterior (2 studies) ([Table 2](#table2-2325967118777735){ref-type="table"}).

Outcomes {#section14-2325967118777735}
--------

### Satisfaction {#section15-2325967118777735}

Four studies, including 170 patients, assessed postoperative patient satisfaction, while the remaining 4 studies, including 88 patients, did not report satisfaction. Of the 170 patients evaluated in this regard, 149 patients (87.6%) were very satisfied or satisfied with the results of surgery.

### Pain {#section16-2325967118777735}

Of the 175 patients for which the pain domain of the Constant score (CS) was used to assess pain (measured from 0-15, with 0 being the worst pain and 15 being no pain), the mean preoperative score was 2.7 ± 2.7 (range, 0.67-7), and the mean postoperative score was 13.1 ± 3.4 (range, 12-14). Of the 68 patients for whom the visual analog scale for pain was reported (lower scores indicate less pain), the mean preoperative score was 5.9 ± 2.1 (range, 5-9), and the mean postoperative score was 1.5 ± 2.7 (range, 0-10).

### Range of Motion {#section17-2325967118777735}

Range of motion outcomes demonstrated that mean forward flexion increased from 114° ± 48.2° (range, 30° to 170°) preoperatively (n = 137) to 155° ± 30.6° (range, 50° to 180°) postoperatively (n = 223), mean external rotation increased from 18.1° ± 21.68° (range, --20° to 45°) preoperatively (n = 137) to 39.6° ± 20° (range, 0° to 60°) postoperatively (n = 223), and mean abduction increased from 66.1° ± 31.0° (range, 30° to 90°) preoperatively (n = 84) to 132.1° ± 41.0° (range, 60° to 160°) postoperatively (n = 170).

### Diagnostic Outcomes {#section18-2325967118777735}

The acromiohumeral interval (AHI) was measured using standard radiographs in 3 studies (n = 103) and demonstrated a decrease from 5.3 ± 1.9 mm (range, 1.9-13.6 mm) to 4.9 ± 2.1 mm (range, 1.9-11.3 mm) preoperatively to postoperatively, which was unexpected. Of note, 2 studies commenting on the AHI showed an increase, while the remaining study showed a decrease in the AHI after the surgical intervention. Electromyography, MRI, and ultrasound findings are summarized in [Table 4](#table4-2325967118777735){ref-type="table"}.

###### 

Outcomes After Arthroscopic-Assisted LDTT*^a^*

![](10.1177_2325967118777735-table4)

  Author (Year)                                          Clinical Outcomes                                                                                                                                                                                                                                                                                                             Outcome Scores                                                                                                                                                 Pain Scores                                                                                                        Preoperative Physical Examination Findings                                                                                                                                                              ROM Results                                                                                                                                                                                                                                                                                                                        Complications (Including Need for Revision Surgery)
  ------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Castricini et al^[@bibr4-2325967118777735]^ (2016)     Satisfaction: 44.2% very satisfied, 46.5% satisfied, and 9.3% dissatisfied                                                                                                                                                                                                                                                    CS: 35.5 ± 6.1 to 69.5 ± 12.3                                                                                                                                  CS pain: 1.1 ± 2.1 to 13.7 ± 2.8                                                                                   CS ROM: 22.2 ± 5.3 CS strength: 1.6 ± 0.7                                                                                                                                                               CS ROM: 22.2 ± 5.3 to 33.7 ± 6.9 FF: NR to 160° ± 28° ER: NR to 43° ± 16° Abduction: NR to 159° ± 27° IR (median): NR to L3 (buttock-T7)                                                                                                                                                                                           NR
  De Casas et al^[@bibr8-2325967118777735]^ (2014)       Satisfaction: 71% very satisfied, 14% moderately satisfied, and 14% dissatisfied; 78% would undergo surgery again MRI: transfer integrity (n = 9) and transfer detachment (n = 1)                                                                                                                                             CS: 33 (10-55) to 59 (13-80)                                                                                                                                   CS pain: 7 to 12                                                                                                   FF: 84° ER: 12° Abduction: 80° CS abduction strength: 1.5                                                                                                                                               CS mobility: 18.5 to 27.5 FF: 84° to 132° ER: 12° to 30° Abduction: 80° to 125°                                                                                                                                                                                                                                                    Late postoperative detachment that was not revised (n = 1) and infection that resolved with surgical washout and antibiotics and did not influence final results of surgery (n = 1)
  Grimberg et al^[@bibr14-2325967118777735]^ (2015)      Satisfaction: 81.8% satisfied or very satisfied and 18.2% disappointed or unsatisfied MRI immediately postoperatively: LDT visible inside humeral bone tunnel (n = 54) and LDT torn at humeral bone tunnel entrance (n = 1) MRI 1 y postoperatively: nonvisible LDT (n = 4; including LDT torn immediately postoperatively)   CS: 37.0 ± 7.8 to 65.4 ± 12.1 (increase was +81.3% for those with no prior surgery and +69.2% for those with prior surgery) SSV: 26% ± 9.2% to 71.1% ± 15.4%   CS pain: 1.7 ± 2.7 to 12.6 ± 3.4                                                                                   CS mobility: 27.4 ± 5.6 FF: 133.8° ± 36.3° ER: 28.9° ± 16.8° Abduction: 66.7° ± 31.0° IR (vertebral level): 3.3 ± 2.9 CS strength: 0.7 ± 0.08 Hornblower sign (n = 8)                                   CS mobility: 27.4 ± 5.6 to 34.2 ± 4.7 FF: 133.8° ± 36.3° to 157.0° ± 30.6° ER: 28.9° ± 16.8° to 41.5° ± 17.9° Abduction: 66.7° ± 31.0° to 92.5° ± 41.0° IR (vertebral level in CS): 3.3 ± 2.9 to 4.8 ± 2.4                                                                                                                         Fracture of the greater tuberosity (n = 4); ruptured tendon on MRI without revision (n = 3) and with revision (n = 1); and revision surgery for hematomas (n = 2), removal of hardware (n = 1), and unexplained dissatisfaction (n = 1); *Propionibacterium acnes* infection (n = 2); global percentage of revision surgical procedures: 9%
  Kanatli et al^[@bibr19-2325967118777735]^ (2017)       Satisfaction: 93.3% satisfied AHI: 3.13 ± 1.4 mm (2-7 mm) to 5.67 ± 1.67 mm (3-9 mm)                                                                                                                                                                                                                                          CS: 21 ± 7.41 (10-38) to 59.73 ± 13.62 (17-72) UCLA: 6.53 ± 2.1 (4-11) to 27.47 ± 6.31 (8-34)                                                                  CS pain: 0.67 ± 1.75 to 13 ± 3.16 VAS: 7.47 ± 1.06 (6-9) to 2.47 ± 0.91 (0-4) UCLA pain: 1.53 ± 0.84 to 8 ± 1.51   CS mobility: 15.87 ± 4.17 UCLA ROM: 1.67 ± 0.48 FF: 58° ± 21.11° (30°-85°) ER: 13.33° ± 21.68° (--20° to 45°) Abduction: 51° ± 21.64° (30°-90°) CS strength: 0.60 ± 1.24 UCLA FF strength: 1.93 ± 0.7   CS mobility: 15.87 ± 4.17 to 27.73 ± 6.54 UCLA ROM: 1.67 ± 0.48 to 3.8 ± 1.08 FF: 58° ± 21.11° (30°-85°) to 130° ± 30.05° (50°-170°) ER: 13.33° ± 21.68° (--20° to 45°) to 32° ± 18.03° (0°-60°) Abduction: 51° ± 21.64° (30°-90°) to 129.67° ± 25.45° (60°-160°)                                                                  No complication requiring a subsequent intervention
  Kany et al^[@bibr20-2325967118777735]^ (2016)          Standard radiographs: metal graft markers in place (n = 4) and ruptured (n = 1; infection) Belly-press test: progressively negative (n = 4) and positive (n = 1; infection)                                                                                                                                                   CS: 31.4 to 58.8 CS (without infection): 31.25 to 64.5 SSV: 20 to 56 SSV (without infection): 18.75 to 62.5                                                    CS pain: 3 to 14                                                                                                   CS FF: 5.6 CS ER: 8.4 CS abduction: 5.6 CS IR: 1.2 CS strength: 0.2 kg Belly-press test: positive                                                                                                       CS FF: 5.6 to 7.6 CS ER: 8.4 to 8.4 CS abduction: 5.6 to 7.6 CS IR: 1.2 to 6.8                                                                                                                                                                                                                                                     Hematoma (n = 1) and deep infection and ruptured transfer (n = 1)
  Paribelli et al^[@bibr25-2325967118777735]^ (2015)     RC-QOL: NA to 81.8 ± 9.3 (78-92)                                                                                                                                                                                                                                                                                              Modified UCLA: 7.3 ± 2.5 (4-9) to 30.3 ± 4.2 (29-34) UCLA: 63% excellent results, 26% good results, and 11% fair results                                       VAS: 6.9 ± 1.7 (6-9) to 1.3 ± 0.7 (1-3)                                                                            Active FF: 83.5° ± 11.0° (72°-98°) Passive FF: 119.8° ± 13.0° (105°-130°) Active ER: 14.5° ± 11.3° (9°-26°) Passive ER: 22.6° ± 13.5° (15°-55°) IR: level between L3 and S1                             Active FF: 83.5° ± 11.0° (72°-98°) to 131° ± 9.0° (117°-145°) Passive FF: 119.8° ± 13.0° (105°-130°) to 171.2° ± 9.7° (148°-178°) Active ER: 14.5° ± 11.3° (9°-26°) to 41.2° ± 8.7° (31°-52°) Passive ER: 22.6° ± 13.5° (15°-55°) to 59.1° ± 10.2° (53°-74°) IR: level between L3-S1 to T8 (n = 11), T9 (n = 5), and T10 (n = 4)   LDT rupture requiring reverse total shoulder arthroplasty (n = 1)
  Petriccioli et al^[@bibr28-2325967118777735]^ (2016)   AHI: 8.58 mm (3.97-13.54 mm) to 5.3 mm (2.03-9.85 mm) DASH: 49.7 ± 17.2 to 22.6 ± 17.8                                                                                                                                                                                                                                        CS: 34.6 ± 8.2 (17-52) to 64.9 ± 15.6 (27.5-92) CS improvement: prior RC surgery: 29.5 ± 13.8 (n = 4); primary RC surgery: 30.5 ± 15.8 (n = 29)                VAS: 5 ± 2.1 to 1.4 ± 1.2                                                                                          FF: 138° ± 48.2° (30°-180°) ER: 7° ± 9.1° (0°-30°)                                                                                                                                                      FF: 138° ± 48.2° (30°-180°) to 168° ± 27.6° (80°-180°) ER: 7° ± 9.1° (0°-30°) to 34° ± 18.5° (5°-60°)                                                                                                                                                                                                                              Failure of tendon transfer with revision reverse shoulder arthroplasty (n = 1), transient postoperative brachial plexus palsy (n = 1), and acute infection (n = 2)
  Yamakado^[@bibr36-2325967118777735]^ (2017)            AHI: 5.8 ± 1.9 mm (1.9-9.0 mm) to 5.8 ± 2.1 mm (1.9-11.3 mm)                                                                                                                                                                                                                                                                  UCLA: 15.7 ± 4.2 (8-25) to 28.8 ± 5.5 (19-35)                                                                                                                  VAS: 1.8 ± 2.7 (0-10)                                                                                              Active FF: 105° ± 47° (10°-180°) Active ER: 22° ± 16° (0°-55°)                                                                                                                                          Active FF: 149° ± 22° (95°-180°) Active ER: 32° ± 20° (0°-65°)                                                                                                                                                                                                                                                                     Infection (n = 2) and transient radial nerve palsy with spontaneous remission (n = 1)

*^a^*Data are shown as mean ± SD (range) preoperative to postoperative values unless otherwise specified. AHI, acromiohumeral interval; CS, Constant score; DASH, Disabilities of the Arm, Shoulder and Hand questionnaire; ER, external rotation; FF, forward flexion; IR, internal rotation; LDT, latissimus dorsi tendon; LDTT, latissimus dorsi tendon transfer; MRI, magnetic resonance imaging; NA, not applicable; NR, not reported; RC, rotator cuff; RC-QOL, Rotator Cuff Quality of Life index; ROM, range of motion; SSV, subjective shoulder value; UCLA, University of California, Los Angeles shoulder scale; VAS, visual analog scale.

### Outcome Scores {#section19-2325967118777735}

The Rotator Cuff Quality of Life index was used to assess postoperative outcomes in 20 patients, with a mean score of 81.8 ± 9.3 (range, 78-92). The Disabilities of the Arm, Shoulder and Hand questionnaire was used to assess the preoperative and postoperative outcomes in 33 patients, with a decrease in the mean score from 49.7 ± 17.2 (range, not reported) to 22.6 ± 17.8 (range, not reported). Overall, of the 208 patients for which the CS was reported both preoperatively and postoperatively, the mean score increased from 34.4 ± 8.2 (range, 10-55) preoperatively to 66.0 ± 15.6 (range, 13-92) postoperatively. One study^[@bibr20-2325967118777735]^ (n = 5) used the subjective shoulder value to measure outcomes of LDTT ; the mean subjective shoulder value increased from 20.0 (SD and range not reported) preoperatively to 56.0 (SD and range not reported) postoperatively overall, but with the removal of the participant whose outcome was complicated by a deep infection, the mean score increased from 18.8 (SD and range not reported) to 62.5 (SD and range not reported). The University of California, Los Angeles (UCLA) shoulder scale was used to evaluate outcomes of 15 patients and demonstrated an increase in the mean score from 6.5 ± 4.2 (range, 4-11) to 27.5 ± 6.3 (range, 8-34) preoperatively to postoperatively. Finally, of the 20 patients for whom the modified UCLA shoulder scale was used, there was an increase in the mean score from 7.3 ± 2.5 (range, 4-9) preoperatively to 30.2 ± 4.2 (range, 29-34) postoperatively ([Table 4](#table4-2325967118777735){ref-type="table"}).

Complications {#section20-2325967118777735}
-------------

Overall, there was a low rate of complications associated with arthroscopic-assisted LDTT (7.3%). The latissimus dorsi tendon ruptured with a concomitant infection in 1 patient (0.4%) and without a concomitant infection in 6 patients (2.3%). Tendon ruptures were assessed by comparing an MRI scan at 1 year follow-up with an MRI control scan taken immediately postoperatively in 4 patients (1.6%), the position of 3 metal markers placed on the latissimus dorsi tendon visualized on standard radiographs at follow-up in 1 patient (0.4%), and clinical diagnosis based on sudden loss of function in 1 patient (0.4%). In 3 cases of a latissimus dorsi tendon rupture, the patients underwent revision procedures, and in 1 of these cases, the patient underwent reverse total shoulder arthroplasty. In 4 cases, the latissimus dorsi tendon ruptures were not revised. Of all 258 patients in this review, 6 patients (2.3%) had deep infections requiring surgical washout and antibiotic therapy. Hematomas developed in 4 patients (1.6%), as did fractures of the greater tuberosity due to stress risers during interference screw placement. One patient (0.4%) developed transient postoperative brachial plexus palsy with persistence of ulnar sensory neuropathy and resultant poor outcomes. With regard to donor site morbidity, a hematoma infection developed at the harvest site in 1 patient (0.4%); the infection was treated with antibiotics. Complications are summarized in [Table 4](#table4-2325967118777735){ref-type="table"}.

Discussion {#section21-2325967118777735}
==========

The most significant finding of this systematic review was that arthroscopic-assisted management of MRCTs with LDTT reliably yields clinical improvements for patients. There was marked improvement in patient satisfaction, with 88% of patients expressing satisfaction with surgical results. Specifically, patients experienced clinically significant improvement in pain, range of motion, and functional outcome scores. Moreover, there was a low overall complication rate associated with the arthroscopic-assisted procedures.

In a systematic review investigating open LDTT for irreparable rotator cuff tears, Namdari et al^[@bibr24-2325967118777735]^ reported that the CS improved 27.3 points, active forward elevation improved 35.5°, and active external rotation improved 9.9°. In comparison, the improvements seen in these same domains were greater in the arthroscopic-assisted LDTT studies included in our review, with an improvement of the CS by 31.6, active forward flexion by 41°, and active external rotation by 21.5°. Additionally, on comparison of overall complication rates, we found that the open procedure has a complication rate of 9.5%, versus 7.3% for the arthroscopic-assisted procedure. These results may suggest improved outcomes and lower complications in favor of arthroscopic-assisted LDTT in comparison with open LDTT, although a formal statistical comparison is required to determine the significance of these differences.

One key advantage of arthroscopic-assisted LDTT, which may underlie the positive findings in this review, includes the maintenance of deltoid muscle integrity, which leads to improved shoulder function postoperatively.^[@bibr13-2325967118777735],[@bibr32-2325967118777735]^ As expected, there were no reported cases of deltoid detachment or dysfunction in the studies reviewed, and thus there were excellent shoulder abduction outcomes in which patients' abduction increased 66°. In comparison, the systematic review by Namdari et al^[@bibr24-2325967118777735]^ investigating outcomes after open LDTT reported that abduction improved 40°. The poorer outcomes from the open procedure may be accounted for by the need for deltoid detachment to achieve LDTT.^[@bibr11-2325967118777735]^

This review also identified certain factors that were associated with worse outcomes after arthroscopic-assisted LDTT for MRCTs. Patients with a history of surgical repair of rotator cuff tears had lower functional outcome scores than patients undergoing primary surgery. Both Castricini et al^[@bibr4-2325967118777735]^ and Grimberg et al^[@bibr14-2325967118777735]^ reported that patients with prior failed rotator cuff repair experienced poorer outcomes, with less improvement in the CS, internal rotation range of motion, forward flexion strength, and satisfaction, as compared with patients who underwent primary LDTT. These trends are similar to findings for open LDTT.^[@bibr27-2325967118777735],[@bibr37-2325967118777735]^ Also, reports on the open technique have highlighted worse outcomes for patients with subscapularis deficiency.^[@bibr11-2325967118777735]^ Similarly, De Casas et al^[@bibr8-2325967118777735]^ reported that the only patient who experienced a poor outcome in their series on arthroscopic-assisted LDTT also had a complete tear of the subscapularis tendon. These results may be explained by a biomechanical study by Werner et al,^[@bibr34-2325967118777735]^ which showed that the dysfunctional subscapularis, particularly the most superior aspect of the subscapularis tendon, loses its ability to center the humeral head during abduction and elevation motions of the arm, risking anterior subluxation of the humeral head. As such, several authors have reported that complete subscapularis tears, or those tears that are nonrepairable, may serve as a contraindication to arthroscopic-assisted LDTT.^[@bibr1-2325967118777735],[@bibr11-2325967118777735],[@bibr33-2325967118777735]^

While initial reports on open LDTT for MRCTs demonstrated that patients with pseudoparalysis experienced inferior results to those without pseudoparalysis, subsequent studies have found good results in patients undergoing arthroscopic-assisted LDTT.^[@bibr5-2325967118777735],[@bibr18-2325967118777735]^ Both De Casas et al^[@bibr8-2325967118777735]^ and Kanatli et al^[@bibr19-2325967118777735]^ reported successful outcomes in 75% and 93% of their patients, respectively, who experienced preoperative pseudoparalysis. Additionally, Petriccioli et al^[@bibr28-2325967118777735]^ reported that 5 of their patients with preoperative pseudoparalysis experienced an average increase in forward flexion by 105°, remarking that pseudoparalysis resolved postoperatively and that arthroscopic-assisted LDTT may have a beneficial role in this population. Kanatli et al^[@bibr19-2325967118777735]^ theorized that the favorable results in the pseudoparalytic population may be attributed to the dual roles of the latissimus dorsi tendon of not only serving the function of the torn rotator cuff tendons but also providing a depressive force on the humeral head, maintaining its optimal anatomic position within the glenoid.

Limitations and Future Directions {#section22-2325967118777735}
---------------------------------

This systematic review was primarily limited by the low levels of evidence of the included studies investigating arthroscopic-assisted LDTT. These studies were mostly case series, which were prone to bias due to the lack of randomization and comparison groups, inclusion of relatively small sample sizes, and retrospective collection of data. Therefore, the conclusions based on the included studies are hypothesis generating, and larger trials are warranted to strengthen or refute the current findings. Additionally, the lack of comparative studies prevented comparative outcome analysis between arthroscopic-assisted LDTT and open LDTT as well as other treatments for irreparable rotator cuff tears, such as superior capsule reconstruction, patch augmentation, and arthroplasty. As such, future high-quality randomized trials are needed to compare both operative techniques to identify whether one is superior to another. Moreover, there was heterogeneity in the reporting of certain data within the studies, including information on clinical presentation, definition of an MRCT, conservative management strategies, and clinical outcome scores. Finally, the positive results observed in this systematic review may be prone to expertise bias, as the surgeons publishing on this topic may also be more experienced with this technically challenging procedure. Despite these limitations, this review summarizes the existing literature on the surgical technique of arthroscopic-assisted LDTT for patients with MRCTs and demonstrates comparable or superior outcomes with this procedure in comparison with the historical literature on the open LDTT technique.

Conclusion {#section23-2325967118777735}
==========

Arthroscopic-assisted LDTT for MRCTs provides patients with marked improvements in shoulder pain, strength, and function, and the procedure is associated with a low risk of complications. Further high-quality comparative studies are warranted to validate these findings in comparison with other operative techniques.
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  MEDLINE: 1456 Studies                                   Embase: 1789 Studies   PubMed: 1922 Studies                                                                                 
  ------------------------------------------------------- ---------------------- ----------------------------------------------------------------- -------- ------------------------- --------
  \(1\) shoulder joint/ or shoulder/ or shoulder.mp.      66,601                 \(1\) shoulder/ or shoulder.mp.                                   82,838   \(1\) arthroscop\*        31,638
  \(2\) arthroscopy/ or arthroscop\*.mp.                  30,496                 \(2\) arthroscopic surgery/ or arthroscopy/ or arthroscop\*.mp.   38,783   \(2\) shoulder            66,733
  \(3\) rotator cuff tear.mp. or rotator cuff injuries/   5113                   \(3\) rotator cuff tear.mp. or rotator cuff rupture/              6163     \(3\) latissimus dorsi    5663
  \(4\) latissimus dorsi.mp.                              5325                   \(4\) latissimus dorsi.mp. or latissimus dorsi muscle/            7378     \(4\) rotator cuff tear   6548
  \(5\) 3 or 4                                            10,338                 \(5\) 3 or 4                                                      13,396   \(5\) 3 or 4              12,063
  \(6\) 1 and 2 and 5                                     1456                   \(6\) 1 and 2 and 5                                               1789     \(6\) 1 and 2 and 5       1922
